Abstract:
INTRODUCTION
Infertility is a disease of the reproductive system defined by the failure to achieve a clinical pregnancy after 12 months or more of regular unprotected sexual intercourse [1] . Male infertility refers to a male's inability to cause pregnancy in a fertile female. In humans, it accounts for 40-50% of infertility. It affects approximately 7% of all men [2] . Common causes of infertility problems in men are abnormal sperm production or function due to undescended testicles, genetic defects, and health problems such as diabetes mellitus (DM) or infections [3] . DM is a complicated chronic metabolic disorder characterized by hyperglycemia, which often results from defects in insulin secretion, insulin action, or both [4] . Most patients with DM are diagnosed during their reproductive age, and it is expected that male fertility problems associated with DM will dramatically rise as the number of patients with DM also rises [5] . DM may affect male reproductive function at multiple levels as a result of its effects on the endocrine non-diabetic of spermatogenesis, spermatogenesis itself or by impairing penile erection and ejaculation [5 -7] . There are a number of reports in the literature examining the effects of diabetes on the sperm parameters. One of the first studies done by Delfino and colleagues (2007) [8] , evaluated patients with both type 1 and type 2 DM. Semen analysis of these patients showed qualitative alteration; the most important effects concerned the kinetic properties, especially progressive motility. Sperm morphology was also significantly compromised. On the other hand, sperm concentration did not show significant differences [8] . Ali and colleagues (1993) [9] showed a highly significant increase in total sperm count and sperm concentration in patients with type 1 and type 2 DM. However, sperm motility and semen volume were lower than non-diabetics, whereas sperm morphology and the quality of sperm motility were unaffected. Another study was conducted by Mangoli E et al., (2013) [10] that showed a reduction in all semen parameters (semen volume, sperm count, motility and morphology) which had been observed in the diabetic patient group. Their study concluded that diabetic subjects had a significantly lower mean of semen volume, sperm count, motility and morphology compared with non-diabetic subjects. Thus, to assess the effects of DM on basic semen parameters among Sudanese patients with DM, we conducted this study.
MATERIALS AND METHODS
This is a retrospective case-non-diabetic study conducted during the period, January 2015 to February 2017, at Dr. Elsir Abu-Elhassan Fertility Center in Khartoum, Sudan. The study subjects were 300 males with type 2 diabetes mellitus (patients). They were diagnosed by the endocrinologist according to WHO and American Diabetes Association guidelines [11] , and 300 non-diabetic apparently healthy males (non-diabetics) attending the laboratory of Dr. Elsir Abu-Elhassan Fertility Center as a routine investigation. Age was matched between the two groups. All participants were informed about the importance of the study and the consents were verbally obtained from the participants and they agreed to participate in this study.
BMI was calculated in the standard way: Weight (kg) divided by square of height (m). Waist and hip circumferences were measured to the nearest 0.1 cm using a flexible metric measuring tape with the subject in a standing position. Waist circumference was measured around the abdomen at the level of the umbilicus. WHR was calculated as waist circumference (cm) divided by hip circumference (cm). Semen was tested for volume, count of sperm, motility and morphology in each case as per the World Health Organization (WHO) criteria. The basic requirements for semen analysis were followed. These requirements were standardized by WHO guidelines that describe several procedures for an objective evaluation of the semen quality with diagnostic purposes. Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 21. Values were expressed as a mean and standard deviation. Independent t-test was used for comparison of different semen parameters among study groups. Chisquare test was used to determine the association of sperm motility with morphology among study groups. P-value ≤ 0.05 was considered as significant and all tests were done with 95% confidence intervals.
RESULTS
A total of 600 Sudanese males were enrolled in this study, 300 patients and 300 non-diabetics with a mean age of 35 and 34 years, respectively. The mean values of BMI and WHR did not differ in patients compared to non-diabetic (BMI: 24.5 for patients and 24.0 for non-diabetic, p.value 0.54), (WHR: For patients, it was 0.9, and 0.85 for nondiabetic, p.value 0.89). The patients included in the study mentioned that there is no family history of infertility.
The results of semen analysis (semen volume, sperm count, sperm motility and sperm morphology) for study groups are shown in Figs. (1-3) . The semen volume (mL) was significantly decreased in diabetic patients compared to nondiabetic (2.46 ± 1.18 mL, 2.65 ± 1.19 mL) respectively, p-value= 0.047 Fig. (2) ). Sperm count showed no significant difference between diabetic and non-diabetic Fig. (3) . The results of sperm motility and morphology among study groups are shown in Fig. (3) and 5, out of 67.3% of the patients and out of 39.9%, 32.7% of the non-diabetics had abnormal sperm motility and morphology respectively. The Odd Ratios (ORs) is (1.7, 5.1) indicated that males with diabetes may be associated with a high risk of abnormal sperm motility and morphology, respectively Fig. (3) and Fig.  (4) . Fig. (1) . Comparison of semen volume between diabetic and non-diabetic (for diabetic: 2.46 ± 1.18 ml, for non-diabetic 2.65 ± 1.19 ml, p.value:0.047).
Fig. (2).
Comparison of sperm count between diabetic (67.33 ± 45.11)x10 6 and non-diabetic (67.53 ± 42.75) x10 6 , p.value: 0.954.
Fig. (3).
Comparison of sperms motility between diabetic and non-diabetic, 80% of non-diabetic have normal sperm motility compared to 70 of diabetic, P-value = 0.003 OR= 1. 723 CI lower and CI Upper (1.181-2.513).
Fig. (4).
Comparison of sperms morphology between diabetic and non-diabetic, 64% of non-diabetic have normal sperm morphology compared to 25 of diabetic, P-value = 0.000 OR = 5.165 CI lower and CI upper (3.637-7.335).
DISCUSSION
Infertility is prevalent in about 10% -25% of couples in their reproductive age. Of these infertility cases, 10% -30% are exclusively attributed to a problem of the male. Several diseases, including DM, have been implicated as contributors to deteriorating male fertility and DM has been implicated to impair the processes of male sexual acts [12] .
This study has shown that Sudanese males with DM had a significant reduction in the mean of semen parameters (semen volume, motility and morphology of sperm) compared to the non-diabetic group. This decrease in semen quality might be as a result of hormonal alterations, or morphological changes which occur in the testis which includes an increase in the interstitial collagen, thickness of the seminiferous tubules, peritubular fibrosis, intertubular fibrosis or gonadal disorders which result from poor circulation to the testis induced by DM. A high prevalence of abnormal sperm motility and morphology was also reported before in patients with DM [12, 13] . These findings agree with Delfino et al. (2007) [8] that reported significantly lower results of the percent of normal sperm morphology and motility in diabetic patients compared to the non-diabetic group. Considering the morphology of sperms, it is a fact that the sperm cells being rapidly proliferating cells can be an easy target of damage by this oxidative stress caused by diabetes and abnormal sperm shape [14] . In fact, sperm morphology is probably the most difficult part of semen analysis to perform, and it is not easy to interpret, but the authors of this study confirmed that the part was well done according to WHO criteria, so it is suggested to conduct other studies in Sudanese with larger sample size that might be more helpful to confirm this difference. In contrast to the findings of morphology and motility, Agbaje et al. 2007 [15] reported that there is a reduction in semen volume in diabetic men compared to non-diabetics, while other semen parameters did not show a significant difference. Furthermore, diabetes was associated with increased DNA damage that may impair the reproductive capability of these men [16] .
In the present study, there was no significant difference between diabetic patients and non-diabetics regarding sperm count and concentration. This finding comes in line with Delfino et al. (2007) they noted. Sperm concentration did not show significant differences between diabetic patients and non-diabetics [8] . Conversely, findings were concluded by Ali et al. (1993) [9] . They observed that there was a significant increase in total sperm count and sperm concentration in patients with type 1 and type 2 DM in comparison to non-diabetics. Another study conducted in Sudanese males demonstrated that a significant reduction in all semen parameters (semen volume, sperm count, motility and morphology) was observed in diabetic patients when compared with non-diabetics [17] . The higher proportion of abnormal motility and abnormal morphology may be the result of poor metabolic non-diabetic, neuropathy, oxidative stress, and damage of sperm nuclear and mitochondrial DNA caused by diabetes mellitus. Our study showed that, regarding 1.7 fold, 5.2 fold higher ORs of abnormal sperm motility and morphology, respectively, diabetes may be associated with a higher risk of male infertility. However, our study is limited by some factors. First, as most studies were based on a case-non-diabetic design, selection bias was possible. Second, semen analysis is a type of laboratory test that is difficult to standardize across different studies.
CONCLUSION
This study indicated that DM had negative effects on semen quality mainly semen volume, sperm motility and morphology. Furthermore, larger studies are needed to evaluate the causative mechanisms responsible for these changes as well as possible treatment.
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